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Abstract   

High performance Brillouin microscopy has been used in order to 
directly measure the propagation losses of surface acoustic wave in 
Langasite substrate. The interdigital transducers (IDTs) were 
designed to generate several harmonics leading to induce acoustic 
waves with different wavelengths. The induced phonons were 
detected and characterized at different frequencies and at different 
distance from IDTs leading to precisely determine the propagation 
losses for all the excited frequencies 681, 1267 and 1463 MHz.   
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 I. INTRODUCTION 
 

SAW devices are more and more used as sensor for a large 
variety of area: gas, pressure, force, temperature, strain, 
radiation, etc. Sensors based SAW present the advantage to be 
passive (batteryless) and/or wireless. These interesting 
properties combined with a small size and a low cost radio 
request system offer new and exiting perspectives for wireless 
measurement processes and IDTAG applications. Knowing 
that no embedded electronic is requiered, these sensors can 
operate in hostile environments, as high temperature, if the 
materials constituting the devices are properly selected. 
Piezoelectric substrates conventionally used to produce 
devices for communication systems such as quartz, LiNbO3 or 
LiTaO3 are generally not suitable for use in hostile 
environments. The use of new materials stable and resistant to 
extreme conditions is desirable. However, the use of new 
materials is conditioned by a thorough knowledge of their 
properties and characteristics that allows designers to optimize 
performance of the achieved devices, taking into account the 
extreme conditions where it will have to operate. 

  
Acoustic propagation losses (PL) are a parameter of first 
importance in the choice of the SAW substrates, especially for 
applications in high temperature environments. Most of the 
experimental measurements of PL are based on the use of 
SAW delay lines with increasing gaps [1-3]. This method 
mainly suffers from its dependence to the technological 
dispersion. Contrariwise, we demonstrated for bulk materials 
as well as thin films that Brillouin spectroscopy avoids such 
problems, allowing measuring directly the properties of the 
acoustic wave, which can be piezoelectrically induced [4-6], 
with non-contact probe.  
Note that the study of microwave induced phonon by micro-
Brillouin spectroscopy can also leads to visualize the spatial 
acoustic field distribution in SAW devices. Although other 
methods have been used for this purpose as : optical 
interferometry [7], atomic force microscopy [8], x-ray 
spectroscopy [9] and scanning electron microscopy [10], 
Brillouin spectroscopy has the double advantage of being a 
direct measure and to allows the acoustic characterisation at 
very high frequency (up to several GHz) which is the 
frequency of interest for SAW devices.  
 
This study is focused on the direct determination of the SAW 
Propagation Losses of Langasite (La3Ga5SiO14 or LGS)  
which has been described as the most promising substrate for 
SAW applications at high temperatures. 
 

II. EXPERIMENTAL SET UP   
 

In previous Works, we have shown that IDT’s can be used to 
excite very efficiently microwave induced hypersonic bulk 
and surface waves in piezoelectric materials even if the center 
frequency of the IDT is much lower than the induced 
microwave frequency [5,6]. Limited by the lower acoustic 
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velocity of LGS and by our lithography and etching 
techniques, we have developed an aluminum IDT on a LGS 
substrate with the following properties:  

- spatial periodicity of 24 μm leading to a fundamental 
frequency of 97 MHz.  

- finger width = 4μm, and distance between the fingers 
= 8 μm. The metallization ration is then fixed at 33 % 
leading to efficient excitation of the  3 th,  7th , 13th  
and 15th harmonics [10],  

- number of IDT fingers = 50,  
- distance between emitter and receptor IDT is fixed to 

3 mm.  
 
Our spectrometer is based on a frequency doubled Nd:YAG 
laser (λ0 = 532nm), the maximum available power is of 
200mW. The interferometer used is a 3-pass Sandercock 
tandem Fabry-Perot, the distance between the mirrors is fixed 
at 20mm in order to obtain the accurate resolution to detect 
frequencies as low as 0.5GHz. The huge intensity coming 
from the elastic scattered light is cut by a synchronized shutter 
at the entrance of the interferometer. The light is detected by a 
very low noise photomultiplier. 
 
The main difficulty to overcome to achieve such 
measurements consists in fitting the acoustic wavevector of 
the piezoelectrically induced surface acoustic wave with the 
wavevector detected by our spectrometer. This is done by 
adjusting very precisely the scattering geometry, i.e. the angle 
of incidence, with the geometry of our interferometer. 
Because the detected wavevector of the surface acoustic wave 
must be parallel to the plan of our sample we used RIθA 
scattering geometry. For this particular geometry [6], an 
optical mirror is deposited on the surface of our crystal on the 
same side as the electrodes. This mirror is of course 
electrically isolated from the transducer. Two IDTs are in 
front of each other and in between the mirror (2mm long) is 
deposited (Fig. 1). The unconnected IDTs act as a reflector 
and generate a counter-propagating surface acoustic wave.  
 
 

 
 
 

Figure 1 : SAW device with a schematically drawing of the 
RIθA scattering geometry. k i and ks : optical field vector, q : 

acoustic wave vector. 

 
The Brillouin spectrum is then accumulated at different 
distances from the IDTs to measure the attenuation of the 
surface acoustic wave. Our Brillouin spectrometer is sensitive 
enough to detect thermally excited acoustic waves but, 
because piezoelectrically induced waves are several orders of 
magnitude more intense and due to the limited time used to 
record data, excited waves are the only one observed on our 
spectrum.  
 

III. RESULTS AND DISCUSSION  
 
A typical Brillouin spectrum of induced phonon obtained is 
shown in figure 2. In this spectrum obtained for 1.46 GHz, we 
can see the scattered light intensity versus the frequency shift 
of the detected light compared to the incident one. We can see 
in the centre of the window the elastically scattered light, i.e. 
the Rayleigh line, and on both sides the Stokes and anti-Stokes 
processes. Because the Brillouin spectrometer can distinguish 
the direction of propagation of the waves, we can observe on 
this particular spectrum (taken far from the emitter and close 
to the receiver) the acoustic beam reflected by the receiver that 
act as an acoustic mirror for the SAW. This spectrum was 
acquired with only ten seconds of acquisition, this duration 
must be compared with the several hours needed to detect 
thermally excited surface acoustic waves in common Brillouin 
spectroscopy measurements. 
 
 

 
Figure 2 : Brillouin spectrum obtained directly on the 

aluminium  mirror deposited on langasite with power applied 
at 1463 MHz on the IDT. 

 
 

Before measuring the attenuation of the elastic wave with the 
propagation length we check that the scattered light intensity 
was related to the intensity of the acoustic wave. Then, we 
measured the scattered light intensity by fitting the peak 
corresponding to the acoustic phonon with a Lorentzian 
function and we vary the RF electrical power. As can be seen 
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on Figure 3, the measured acoustic power varies linearly with 
the RF power. 
 
One of the advantages of this method is that we can measure 
with the same device the attenuation at different frequencies as 
long as our IDTs can operate at different harmonics. With our 
devices the fundamental frequency is of 97 MHz, however this 
frequency is too low to be detected by our system. On Fig. 2, 
we can assume that the minimum frequency detected with a 
good accuracy, i.e. far enough in term of frequency from the 
elastic scattered light, is 500 MHz. Then the third harmonic is 
also under the detectable limit while the 5th one is not excited 
due to the used metallization ratio [10]. Our work will be 
focused on 7, 13 and 15th harmonics corresponding 
respectively to 681, 1267 and 1463 MHz.  

 
 

 
Figure 3 : Acoustic intensity measured on Brillouin spectrum 

versus applied electrical power. 
 

 
Figures 4 to 6 show the obtained results for the investigated 
three frequencies. The exponential decay of the intensity with 
the propagation distance is then fit to calculate the attenuation 
in dB/μs. 
As can be seen on these figures there is some fluctuations of 
the detected intensity at some points of the mirror. These 
fluctuations are quite the same for all the frequencies. We can 
assume that these fluctuations are due to small defect in the 
homogeneity of the aluminium mirror. Indeed, if on one hand 
one of the great advantages of the method is its sensitivity, on 
the other hand it requires a very high quality in the detection 
geometry and the realisation of the device mainly for the 
quality of the aluminium deposition. 
 
The obtained values are summarized in the table 1. As 
expected the attenuation losses increase strongly with the 
frequency. 
 

Table 1 : Attenuation measurements based on the fit 
parameters of  Fig. 4 to 6. 

Harmonic 7th 13th 15th 

Frequency 
(MHz) 

681 1267 1463 

Attenuation 
dB/μs 

3 9,7 10,9 

 

 
Figure 4: Propagation losses measurement : induced phonon 
intensity as a function of the propagation distance. (Applied 

frequency = 681 MHz).  
 

 

 
Figure 5: Propagation losses measurement : induced phonon 
intensity as a function of the propagation distance. (Applied 

frequency = 1267 MHz). 
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Figure 6: Propagation losses measurement : induced phonon 
intensity as a function of the propagation distance. (Applied 

frequency = 1463 MHz). 
 

IV. CONCLUSION AND PERSPECTIVES 
 
As aimed, the device realized on Langasite allows us to 
generate SAW for different frequencies. For each efficiently 
generated SAW the attenuation was measured accurately, the 
obtained values were then compared with previous results 
from the literature. The techniques used to measure the 
acoustic propagation losses showed its ability to characterize a 
device in a very precise and direct way. The sensitivity of the 
method could be enhanced by performing devices with 
fundamental frequency in the detectable limit of the 
equipment. Note also that those measurements could be 
performed at different temperatures leading to support the 
design of SAW sensors for harsh environments and also to the 
characterization of the efficiency of reflector by measuring the 
intensity of the counter-propagating wave. 
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